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FIELD OF THE INVENTION 
The present invention relates generally to leaching 
systems and specifically to treatment systems for removing 
an organic lixiviant from a leaching solution. 



THE PROBLEM 

The present invention generally relates to the removal 
of copper ions from copper ore, and more particularly to 
enhanced removal of copper ions using a microf iltration or 
15 ultrafiltration process which removes entrained organic 

collector from the aqueous raffinate solution exiting the 
copper solvent extraction process. This process improves 
the copper hydrometallurgical mining process through more 
efficient copper leaching (no coating of the ore by the 
20 organic collector) and more efficient copper recovery 
(reduced losses of expensive organic collector) . 

The techniques used to remove copper from raw ore 
determine the overall efficiency of the copper mining 
operation . Hydrometallurgical copper mining operations 
25 using a leaching system and a copper extraction plant, such 



as a solvent extract ion/elect rowinning (SX/EW) plant, are 
now accepted processes in the copper mining industry. 
Currently, electrowon copper accounts for about 30% of total 
U.S. copper production. Worldwide, there are more than 26 , 
major heap, dump, or in- situ leaching operations using 
SX/EW, with a total capacity of -800,000 tons of copper 
annually. The industry trend continues towards this 
technology as higher-grade ores are depleted and smelting 
costs increase. Other advantages of this technology, such 
as the ability to process low-grade ores, low labor 
requirements, ease of operation in remote areas, and low 
operating costs, make it attractive to mining companies. 

"Copper hydrometallurgy" , in which copper ions are 
leached or otherwise extracted from raw ore using liquid 
chemical agents, has been of interest since as early as the 
17th century when copper recovery methods involving iron 
precipitating agents from sulfuric acid based copper 
solutions were tested. The hydrometallurgical circuit 
consists of copper leaching and copper recovery. 

First, a copper leaching agent, "lixiviant", is 
selected for use in leaching copper ions from copper ore. 



Representative lixiviants include but are not limited to 
sulfuric acid (H2S04) , a combination of H2S04 and ferric 
sulfate, Fe2(S04)3 (primarily for sulfide containing ore 
materials), acidic chloride solutions (e.g. ferric chloride, 
FeCI2) or cupric chloride, CuCI) , nitrate solutions, 
ammonia, and ammonium salt compositions. Sulfuric acid is 
by far the most common lixiviant. The lixiviant is applied 
to the ore (which is stacked or piled in a large heap or 
dump) via a sprinkler type system and allowed to percolate 
downwardly into the ore. As a result, copper ions are 
leached from the ore and collected within the lixiviant to 
generate a lixiviant product that consists of a copper ion 
concentration (also known as "pregnant leach solution"). 
The lixiviant exits the bottom of the ore and is collected. 
Further information regarding the lixiviant leaching process 
is disclosed in U.S. Patent No. 5,4 76,591 to Green et al . , 
which is incorporated herein by reference. 

Next, a copper recovery process is used to selectively 
extract copper from the collected lixiviant. Representative 
copper recovery processes include but are not limited to 
solvent extraction/electrowin (SX/EW) , direct 



electrowinning, ion exchange - electrowin (IX/EW) , and iron 
precipitation. Solvent extract ion/electrowin is presently 
the most common copper recovery process. SX/EW technology 
was implemented in the 1960 's with the development of 
special organic extractants for copper. The SX/EW process 
consists of three closed solution loops. In the first loop, 
the acid leach solution containing valuable copper ions and 
a multitude of other metal ions is fed into a mixer/settler 
tank where it is contacted with a copper-extracting organic 
liquid, commonly referred to as "lix" or ^'organic 
collector." The "lix" preferentially extracts from 70 to 
90% of the copper ions from the acid leaching feed solution. 
The second closed loop extraction step involves contacting 
the loaded organic collector with an electrolyte stream from 
the electrowinning process. The copper ions are transferred 
from the organic solution or "lix" to the lean electrolyte. 
In the third and final closed loop, the rich electrolyte 
flows between a cathode plate and an insoluble anode, where 
70 - 90% of the copper is removed through "plating." The 
electrochemical cell "plates" a^stainless steel electrode 
with copper using an applied current. The copper plated 



cathode plates are then periodically removed from the 
process to obtain the solid, high purity copper product. 

In most common copper leaching - copper recovery 
operation, a strong sulfuric acid solution passes downwardly 
through a heap or dump of low-grade copper ore and a liquid 
product is produced which contains remaining amounts of acid 
in combination with metal ions. The copper ions are then 
removed from the liquid product by the SX/EW copper 
extraction circuit to produce the high-purity cathode copper 
desired by many manufacturing companies. 

The copper leaching - copper recovery process must be 
improved to overcome inherent problems such as "carry over' 
of organic into the stripped PLS (raffinate) . This loss of 
organic lixiviant can represent a large economic loss. The 
organic lixiviant can also create an environmental problem 
as it "coats" or contaminates the ore heap. A further 
potential problem created by the "coating" of the ore to be 
leached is the prevention of air exchanges to the ore to 
provide oxygen to the bacteria^ "Thio Baocillus Fero 
Oxidants", in the leach system. 

The present invention specifically provides an improved 



method for copper recovery in which the carry over of 
entrained organic in the raffinate is prevented, leaving a 
cleaner lixiviant (sulfuric acid solution) for enhanced 
copper ore leaching. Accordingly, the invention represents, 
an advance in the art of copper mining technology, as 
described in detail herein. 

SUMMARY OF THE INVENTION 
These and other needs are met by the process of the 
present invention which recovers a metal from a metal - 
containing material. The process includes the steps of: 

(a) contacting a metal leaching agent with the metal - 
containing material to solubilize the metal in a pregnant 
leach solution; 

(b) contacting the pregnant leach solution with an 
organic collector to transfer at least a portion of the 
solubilized metal to the organic collector to form a 
pregnant organic solution including a metal -containing 
organic collector and a stripped pregnant leach solution, 
wherein the stripped pregnant leach solution contains at 
least a' portion of the organic collector; 



(c) recovering the metal from the metal -containing 
organic collector; and 

(d) filtering the stripped pregnant leach solution 
with a filter to form a concentrate containing at least most 
of the organic collector and a permeate. The process can 
further include the steps of contacting the permeate with 
metal-containing material and recovering the organic 
collector from the concentrate. 

By recovering the organic collector in the concentrate, 
the process can reduce, or eliminate, carry over of the 
organic collector into the leaching step and can recover the 
organic collector from the concentrate for reuse. 
Accordingly, the process provides a large, direct economic 
benefit and eliminates coating of the ore to be leached with 
the organic collector. 

The metal, organic collector, and leaching agent can be 
a variety of materials. The metal is preferably selected 
from the group consisting of copper, nickel, cobalt, 
uranium, zinc and mixtures thereof. The organic collector 
is preferably selected from the group consisting of the 
resins sold under the tradenames "LIX 63", "LIX 64", 



LIX 65", "LIX 85" and "LIX 860" as manufactured by HORNKREL 
and "PT5050", M5640", and "M56115" as manufactured by ACORGA 
LTD. and mixtures thereof. The leaching agent is preferably 
selected from the group consisting of sulfuric acid, a ^ 
5 chloride, a nitrate, ammonia, ammonium salts, a sulfate and 
mixtures thereof . 

The filter is preferably a microfilter or an 
ultrafilter. The filter preferably has a pore size ranging 
from about .003 to about .1 micron and more preferably 
10 ranging from about .01 to about .05 microns. 

The filtration step preferably causes the concentrate 
to constitute less of the stripped pregnant leach solution 
than the permeate. More preferably, the concentrate 
constitutes no more than about 20% and most preferably no 
more than about 5% of the stripped pregnant leach solution. 
More preferably, the permeate constitutes at least about 80% 
and most preferably at least about 95% of the stripped 
pregnant leach solution. 

The permeate comprises at least most of the leaching 
20 agent in the stripped pregnant leach solution. Preferably, 
the permeate comprises at least about 60% and more 
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preferably at least about 95% of the leaching agent in the 
stripped pregnant leach solution. 

The concentrate comprises at least most of the organic 
collector in the stripped pregnant leach solution. 
5 Preferably, the concentrate comprises at least about 90% and 
more preferably at least about 99% of the organic collector 
in the stripped pregnant leach solution. Further details 
concerning the filtration step and the filter are set forth 
in U.S. Patents 5,476,591; 5,310,486; and 5,116,511, each of 
10 which is incorporated fully herein by reference. 

DETAILED DESCRIPTION 
The process improvements claimed in the present 
invention will result from utilizing a microf iltration or 

15 ultrafiltration membrane system to process the raffinate 

exiting from the copper recovery plant. As described above 
and shown in Figure 1, a strong leaching solution 10 passes 
downwardly through a heap or dump 14 of low-grade copper ore 
and a lixiviant 18 containing t^opper ions ("pregnant leach 

20 solution") is collected from the bottom of the ore heap or 

dump 14 and passed through a copper recovery plant 22, where 



70-90% of the copper ions are removed, depending on the 
efficiency of the plant. After exiting the copper recovery 
plant 22, a copper depleted lixiviant 26 ( "raf f inate" ) is 
collected in containment ponds or sent, via a pump station^ 
directly back to the top of the ore dumps for additional 
leaching of copper. Sulfuric acid addition is sometimes 
required to the raffinate. 

In the process, the "raffinate" 26 is processed through 
a microf iltration or ultrafiltration membrane system 30. 
The membrane system separates the raffinate into two 
streams: permeate 34 and concentrate 38. The concentrate 38 
consists of substantially all of the entrained organic 
collector in the raffinate. The permeate 34 consists of a 
substantially organic - free solution to be sent directly to 
the ore heap for leaching. 

The concentrate 38 may be sent to a raffinate 
collection pond, used to leach specific ore heaps or dumps, 
or be removed from the leaching circuit. It may also be 
further processed using a phase separation tank to skim off 
the concentrated organic . 

Presently, copper mining operations are discharging 
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raffinate with little or no attempt to recover entrained 
organic. Economic losses of organic have been reported as 
$1-2 million dollars/year for medium sized copper SX-EW 
facilities. This demonstrates that using a membrane system' 
to recover the entrained organic offers significant, direct 
process and operating cost advantages. In addition, the 
elimination of organic coating of the ore to be leached has 
a positive effect on leaching efficiency. 

The membrane system in question would process 100 - 
20,000 gallons per minute of raffinate, with 80-95% of the 
feed flow becoming permeate product. Typical 
microf iltration and ultrafiltration membranes used would be 
G, J, K, and DS-7 series elements from Osmonics/Desalination 
Systems of Vista, CA. These spiral wound elements use poly 
acrylonitrile, PTFE (Teflon), PVDF, and/or polyarimid 
membrane materials. The described membranes span the 
microf iltration/ultraf iltration membrane category, with 
molecular weight cut-offs of 5,000 to 100,000 MWCO and pore 
sizes of 0.003 microns to 0.1 micron. 

A typical system would process 1,000 gpm of raffinate 
through 348 each 8 inch spiral wound JX membrane elements. 
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The system would split the feed flow into 900 gpm of 
permeate and 100 gpm of concentrate. The concentrate would 
be removed from the leaching circuit, or processed through a 
phase separation system to recover the organic and the 
concentrate returned to the leaching system. The permeate, 
containing no organic, would be returned to the top of the 
ore heap or dump for enhanced leaching of copper. 
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1- A process for recovering a .etal from a .etal- 
containing material, comprising: 

(a) contacting a metal leaching agent with the metal-' 

containing material to solubilize the metal in . 

one metal m a pregnant 

leach solution; 

(b) contacting the pregnant leach solution with an 

organic collector to transfer at least a portion of the 
solubilized metal to the organic collector to form a 
pregnant organic solution including a metal-containing 
organic collector and a stripped pregnant leach solution, 
wherein the stripped pregnant leach solution contains at 
least a portion of the organic collector; 

(c) recovering the metal from the metal -containing 
organic collector; and 

(d) filtering the stripped pregnant leach solution 
with a filter to form a concentrate containing at least most 
of the organic collector and a permeate. 

2. The process of Claim 1, further comprising: 
(a)- contacting the permeate with metal-containing 
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material . 



3. The process of Claim l, further comprising: 
(a) recovering the organic collector from the 
concentrate. 



4. The process of Claim 1, wherein the metal is 
selected from the group consisting of copper, nickel, 
cobalt, zinc and uranium, and mixtures thereof. 

5. The process of Claim 1, wherein the organic 
collector is selected from the group consisting of LIX 63, 
LIX 64, LIX 65, LIX 85 and LIX 860 as manufactured by 
HORNKREL of Tucson, Arizona, PT5050, M5640 and iyi56115 as 
manufactured by ACORGA, LTD., and mixtures thereof. 



6. The process of Claim 1, wherein the leaching agent 
is selected from the group consisting of sulfuric acid, a 
chloride, a nitrate, ammonia, anponium salts, a sulfate, and 
mixtures thereof . 
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7. The process of Claim 
pore size ranging from about 0 

8. The process of Claim 
constitutes no more than about 
leach solution. 



1, wherein the filter has a 
.003 to about 0.1 microns. 

1, wherein the concentrate ' 
20% of the stripped pregnant 



9. The process of Claim 1, wherein the permeate 
constitutes at least about 80% of the stripped pregnant 
leach solution. 

10. The process of Claim 1, wherein the permeate 
comprises at least most of the leaching agent in the 
stripped pregnant leach solution. 



11. The process of Claim 1, wherein the permeate 
comprises at least about 80% of the leaching agent in the 
stripped pregnant leach solution. 

12. The process of Claim 1, wherein the concentrate 
comprises at least about 90% of the organic collector in the 
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stripped pregnant leach solut 



xon. 



13. A process for recovering a metal from a metal - 
containing material, comprising: 

(a) contacting a pregnant metal -containing solution 
With an organic collector to transfer at least a portion of 
5 a solubilized metal in the pregnant metal -containing 

solution to the organic collector to form a pregnant organic 
solution including a metal -containing organic collector and 
a stripped solution, wherein the stripped solution contains 
at least a portion of the organic collector; 
10 (c) recovering the metal from the metal -containing 

organic collector; and 

(d) filtering the stripped solution with at least one 
of a microfilter and nanofilter to form a concentrate 
containing at least most of the organic collector and a 
15 permeate. 
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ABSTRACT 

A treatment system for removing an organic material 
(e.g., an organic lixiviant or collector) from a copper 
leaching solution. A copper leaching aqueous stream t 
5 containing entrained organic material, i.e. "raffinate" from 
a copper extraction process, is passed through a 
microf iltration or ultrafiltration membrane system to 
produce an organic rich concentrate and an organic free 
permeate. The permeate is returned to the copper ore dump 

10 or heap for enhanced leaching of copper ions from the copper 
ore. The concentrate may be removed from the leaching 
circuit or the entrained organic portion of the concentrate 
may be recovered and recycled back to the head of the 
solvent extraction process. The result of this membrane 

15 filtration of the copper leaching raffinate is recovery of 
organic material previously lost to raffinate "carry-over", 
which can be a large, direct economic benefit. In addition, 
this process eliminates a potential environmental problem of 
organic deposition on the ore heap, and avoids coating of 

20 the ore to be leached with an organic material, preventing 
effective leaching . 
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